The aim of this study was to investigate the effect of probiotic strains of Lactobacillus casei IMV B-7280, Bifidobacterium animalis VKL, B. animalis VKB on the pro-and anti-inflammatory cytokines production in Wistar male rats with monosodium glutamate (MSG)-induced obesity. It was established that neonatal administration of MSG to rats leads to increasing levels of the interleukin (IL)-1β and IL-12, and to decreasing of the IL-4, IL-10 and tumor growth factor (TGF)-β levels in the blood serum. After administration of the B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 composition to obese rats the level of the IL-1β in blood serum wasn't differ from that in the obese rats, that didn't receive of the probiotic bacteria. But there was no statistically significant difference comparing with intact rats. The level of the IL-12B p40 in blood serum was decreased under influence of the B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 composition (18.9 %, p < 0.05) and B. animalis VKL (10.5 %, p < 0.05) compared with obese rats, not receiving probiotic bacteria, but remained higher than in intact animals. After administration to obese rats of the B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 composition the levels of the IL-4, IL-
INTRODUCTION
World Health Organization considers obesity as a global epidemic today. The onset of obesity is a complex process that involves genetic and environmental factors. It is often associated with metabolic syndromes (hyperglycemia, hypertriglyceridemia, dyslipidemia and hyperten sion) and development of several chronic complications such as cardiovascular diseases, type II diabetes, premature death, diseases of musculoskeletal system, hepatobiliary disease, and various tumor sites, including lung cancer, breast cancer, uterine and ovarian cancer etc. [1, 2] .
Obesity is a pathological state in neuroimmunomodulation. Thus, in the case of obesity, we can observe both systemic and vascular chronic low-grade inflammation in fat tissue, liver, and intestines, which is accompanied with the production of pro-inflammatory cytokines and other inflammatory markers in response to changes in metabolic homeostasis associated with metabolic overload of cell nutrients [3] . Additionally, monosodium glutamate (MSG) induses the dysfunction of specific hypothalamic neurons and the activation of hypothalamicpituitary-adrenal axis that lead to violating of anorexigenic and thermogenic signals generated by such hormones as leptin and insulin, as well as rising of the corticosterone levels [4, 5] . This, in turn, may lead to abnormal regulation of body weight and obesity [4] , that can also enhance the expression of inflammatory cytokines [6] .
In the case of obesity, adipocytes secrete less amount of anti-inflammatory adiponectin. And we observed the increased expression of genes encoding cytokines, chemokines, and other inflammatory mediators through the activation of transcription factors (nuclear factor κВ (NF-κВ), protein activator-1 (AP-1), signal transducer and activator of transcription 3 (STAT 3), and others) [7, 8] . Under such conditions, the pro-inflammatory tumor necrosis factor-α (TNFα), interleukine-6 (IL-6), macrophage chemoattractants (MCP-1 and NAMPT), and leptin are produced to induce the pro-inflammatory response of immune cells. The immu ne cells (macrophages, neutrophils, and T-lymphocytes) secrete cytokines (TNFα, IL-1β, IL-6, and interferon-γ) in fat tissue. This can alter lipid storing in adipocytes, lipolysis, insulin response, glucose metabolism and adipokine production, and lead to ectopic fat deposition and systemic inflammation. Leptin plays a role in the activation of the immune system in obesity, therefore, may be one of the mediators, responsible for the low-grade systemic inflammation. It should be noted that leptin stimulates CD4 + T-lymphocytes to produce the interferon-γ, which induces the adipocyte MHC II expression [2, 9] . However, some anti-inflammatory cytokines such as ІL-10 and receptor antagonist ІL-1 (IL-1RA) decrease [10] .
Most studies established the imbalance of gut microbiota both in humans and in mice with obesity [11] . In the case of obesity the increased Firmicutes: Bacteroidetes ratio was found, and increased intestinal permeability was observed. After translocation of gut bacteria to other organs such as liver or adipose tissue, the bacterial lipopolysaccharides (LPS) in the bloodstream and organs activate pro-inflammatory cytokines production through activation of the Toll-like receptor 4 [2] .
Increasing of the pro-inflammatory cytokines production together with rising of the corticosterone level in case of obesity is associated with obesity-related complications such as insulin resistance, hyperlipidemia, atherosclerosis [12, 13] . Therefore, the influence on the pro-inflammatory cytokine production is an important strategy for the integrated personalized treatment of patients with obesity.
Certain probiotic bacteria were recently tested for their ability to affect obesity and metabolic syndrome. It was shown that probiotic strains are able to improve some biomarkers of obesity, including an imbalance in gut microbiota, hyperlipidemia, hyperglycemia, oxidative stress and inflammation. The use of probiotics is justified by the fact that in the case of obesity, the number of Lactobacilli and Bifidobacteria in the intestines reduces dramatically and gut microbiota have an important role in the regulation of the energy homeostasis and fat storing. In the same time, such altered gut microbial ecosystems are associated with increased prevalence of metabolic and immune disorders in animals and humans [14, 2, 11] . These results suggest the potential using of probiotics in order to alleviate the occurrence of metabolic diseases by less radical approach comparing with drugs or hormone therapy. We showed that preliminary selected and characterized probiotic strains of Lactobacillus casei IMV B-7280, Bifidobacterium animalis VKL, B. animalis VKB and their various compositions have high ability to balance immune response to infectious diseases [15] and are able to effectively prevent MSG-obesity in rats [16] .
Thus, the aim of this study was to investigate the influence of probiotic strains of L. casei IMV B-7280, B. animalis VKL, B. animalis VKB (separately) and the B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 composition on the pro-and anti-inflammatory cytokines production in rats with MSG-induced obesity.
METHODS
In our experiment, we used newborn rats (Wistar) (n = 60). We admi nis tered mo no so dium glu tamate (MSG) to the ani mals in a dose of 4 mg/g of body weight subcuta neously on the 2 nd , 4 th , 6 th , 8 th and 10 th day of life. Wi thin 4 months after birth, rats with visceral obe sity we re on a standard diet.
In Administration of probiotic strains in a dose of 5 × 10 9 CFU/kg (50 mg/kg) intragastrically (i.g.) into obese rats was started at the age of 4 weeks just after weaning and lasted 3 months, wherein 2 weeks of introduction were alternated with 2-week break. The experiment lasted 4 months. Rats were split into 6 groups of 10 animals. Wistar rats were split into 6 experimental groups (10 rats in each): 1) intact rats (control), 2) rats which received MSG (the MSG-group), 3) rats which received the B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 (1:1:2) composition (the MSG-group + probiotic composition), 4) rats which received MSG and B. animalis VKL (the MSG-group + B. animalis VKL), 5) rats which received MSG and B. animalis VKB (the MSG-group + B. animalis VKB), and 6) rats which received MSG and L. casei IMV B-7280 (the MSG-group + L. casei IMV B-7280).
Serum cytokines (IL-1β, IL-12Вр40, IL-4, IL-10, interferon-γ and tumor growth factor-β (TGF-β)) were quantified by ELISA immune assays with primary and secondary antibodies from Santa Cruz Biotechnology (USA).
All received digital data was processed through analysis of variance by using the Epi Info software (version 8.0) and "Statistica, 8.0". Obtained results were tested for normality of distribution using F Shapiro-Wilk test. If the data did not meet the normal distribution law, the comparison of two unrelated samples was performed by Mann-Whitney test. In the normal distribution, comparison of the difference between control and experimental measure ments was performed using Student t-test for independent samples. The critical level of statistical signi ficance for all tests was P < 0.05. Data is represented as mean value (M) and the average standard error (m) [17] .
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RESULTS AND DISCUSSION
In our study, administration of MSG to newborn rats was accompanied with the increasing production of IL-1β and IL-12Br40 proinflammatory cytokines (Table 1) . We observed increased levels of the IL-1β (22.4 %, P < 0.05) and IL-12 (61.2 %, P < 0.05) in blood serum of obese rats that indicates strengthening of the inflammatory processes in the case of MSG-induced obesity. On the other hand, the interferon-γ production was not changed.
The probiotic strains of B. animalis VKL, B. animalis VKB and L. casei IMV B-7280 did not affect the level of the IL-1β in blood serum of obese rats comparing with the MSG-group. The level of the IL-1β in blood serum of these rats was 17.2 % (P < 0.05), 23.6 % (P < 0.05) аnd 20.6 % (P < 0.05) higher vs intact rats.
However, after administration of the B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 composition to obese rats the level of the IL-1β did not differ from that in the MSGgroup, but in the probiotic composition-group, there were no significant differences comparing with intact rats. That may indicate decreasing the expression of this pro-inflammatory cytokine in the case of treating with the B. animalis
The level of the IL-12B p40 in blood serum was decreased after administration of the B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 composition (18.9 %, P < 0.05) and B. animalis VKL (10.5 %, P < 0.05) vs the MSG-group. However, the level of the IL-12B p40 in blood serum of these rats remained higher than in intact animals. B. animalis VKB and L. casei IMV B-7280 did not affect the level of this pro-inflammatory cytokine in blood serum of obese rats, which exceeded these indicators in intact rats. As shown in Table 1 , the interferon-γ production was not changed after the administration of the probiotic strains and probiotic composition to obese rats. Therefore, the interferon-γ level remained on the level of this cytokine in blood serum of the MSG-group and the control group.
In the case of MSG-induced obesity, the level of anti-inflammatory cytokines such as IL-4, IL-10 and TGF-β in blood serum significantly reduced (30.6 %; 28.5 % and 14.9 %, respectively, P < 0.05) comparing with intact rats (Table 2 ). This data indicates a weakening of the body's ability to resist inflammation under this pathology.
The IL-4 level in blood serum increased under the influence of B. animalis VKL (on 21.7 %, Р < 0.05), B. animalis VKB and L. casei IMV B-7280 (18.0 %, Р < 0.05) (separately) and the probiotic composition (27.2 %, Р < 0.05) comparing with the MSG-group. After administration of the probiotic composition to obese rats, the IL-4 level increased to the level of this cytokine in blood serum of intact animals. However, while using B. animalis VKL, B. animalis VKB or L. casei IMV B-7280 separately the level of this anti-inflammatory cytokine was lower than in intact animals.
Studying the IL-10 production in animals with MSG-induced obesity, we found a similar tendency.
Thus, the level of this anti-inflammatory cytokine in blood serum increased under the influence of B. animalis VKL, B. animalis VKB and the probiotic composition comparing with the MSG- The TGF-β level was increased in blood serum of obese rats which received the probiotic composition (25.5 %, Р < 0,05) or B. animalis VKL (on 19.8 %, Р < 0.05) comparing with the MSG-group. B. animalis VKB had no significant effect on the level of this anti-inflammatory cytokine, which was lower (13.2 %, Р < 0.05) than in intact animals. The TGF-β production in rats with MSG-induced obesity was not changed under the influence of L. casei IMV B-7280. It should be noted that the amount of the IL-4, IL-10 and TFG-β increased to the levels in intact rats only after administration of the probiotic compositions to MSG-obese rats, but not probiotic strains separately.
Hence We had previously shown [16] such biomarkers of MSG-induced visceral obesity in newborn rats: increased body mass index, Lee index, mass of the visceral adipose tissue and decreased body length; abnormalities in the lipid and carbohydrate metabolism as well as decreased adiponectin level in blood serum and increased leptin level in adipose tissue.In this study, we established that neonatal administration of MSG to newborn rats lead to increased pro-inflammatory cytokines production such as IL-1β and IL-12Br40. In contrast, the production of anti-inflammatory cytokines such as IL-4, IL-10, and TGF-β in rats with MSG-induced obesity decreased. Our results indicated the inflammation development in rats with MSGinduced obesity. It should be noted that in the case of obesity, chronic low-grade inflammation, which comes out in increased levels of acutephase proteins and pro-inflammatory mediators in blood serum [18] , plays a critical role in the development of cardiovascular dysfunction [19] , insulin resistance and type II diabetes [7, 20] .
It was found that the IL-1β, which is primed by high-fat diet (HFD) and is cleaved through the NLRP3 inflammasome complex [21, 22] , and which production in fat tissue is associated with the TLR4 receptor and nuclear factor-κB activation [23, 24] , directly influences the peripheral insulin resistance and type II diabetes [20, 25, 21, 26, 22] . In our study, glucose and insulin levels in blood serum, and HOMA insulin resistance index [16] , as well as IL-1β and IL-12Br40 production were also increased in rats with MSG-induced obesity comparing with intact rats. These parameters of carbohydrate metabolism indicate the development of insulin resistance and type II diabetes in rats with MSGinduced obesity, which is connected with lowgrade inflammation development.
As we demonstrated, probiotic strains L. casei IMV B-7280, B. animalis VKL and B. animalis VKB and the B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 composition are able to improve some biomarkers of MSG-induced visceral obesity in Wistar male rats: anthropometric parameters were improved, mass of the visceral adipose tissue was decreased, lipid and carbohydrate metabolism was improved, adiponectin level was increased, and leptin level in adipose tissue was decreased comparing with the MSG-group. The probiotic composition more effectively prevents monosodium glutamate-induced obesity in rats [16] .
In this article, we are describing results of the study, which demonstrate that improving MSG-induced visceral obesity biomarkers in rats under the influence of L. casei IMV B-7280, B. animalis VKL and B.animalis VKB (separately) and their composition is accompanied with changes in pro-(IL-1β, IL-12Br40) and antiinflammatory (IL-4, IL-10, TGF-β) cytokines production. While using the B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 composition for treatment we observed a tendency towards decreasing of the IL-1β production and significant decreasing of the IL-12Br40 production in the MSG-group comparing with rats with MSG-obesity which did not receive the probiotic composition. However, the level of the IL-4, IL-10 and TGF-β production increased (vs the level in intact rats). But the application of L. casei IMV B-7280, B. animalis VKL, B. animalis VKB (separately) for therapeutic purposes was less effective. These results suggested that the B. animalis VKL -B. animalis VKB -L. casei ІМV В-7280 composition is able to restore the inflammation in rats with MSG-induced obesity, but in order to reduce chronic inflammation we need a prolonged use. The anti-inflammatory effect of probiotic bacteria correlated with decreasing of the visceral fat mass as well as a warning to development of the insulin resistance and type II diabetes development in MSG-induced obesity, as well as improved lipid metabolism comparing with rats which were not treated using probiotic bacteria.
Therefore, as we recently established, glucose and insulin levels in blood serum and HOMA insulin resistance index in the MSGgroup dropped under the influence of probiotic bacteria, but the insulin level in blood serum and HOMA insulin resistance index did not restore to those levels in intact animals [16] . Under the influence of probiotic strains and probiotic composition total cholesterol, very low-density lipoprotein and high-density lipoprotein levels decreased, and the low-density lipoprotein level increased comparing with those in the MSG-group. However, the total cholesterol level reduced to the control level only after using the probiotic composition for treatment.
The triglycerides level reduced comparing with the MSG-group only under the influence of the probiotic composition and L. casei IMV B-7280.
In the case of MSG-obesity the B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 composition has a stronger effect on carbohydrate and lipid metabolism parameters as well as stronger anti-inflammatory effect comparing with probiotic bacteria (separately). We also found [16] decreased leptin concentration in adipose tissue in rats with MSG-induced obesity which received this probiotic composition. But the adiponectin concentration in blood serum of these rats was not changed. In the case of MSGobesity in rats, the anti-inflammatory effect of the B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 composition and probiotic bacteria (separately) perhaps related to gut microbiota modulating, but further studies are required to depose to this fact.
According to other authors [27] , in the case of high fat diet-induced obesity in young male Sprague-Dawley rats, a probiotic, VSL #3 (a multistrain preparation composed of Streptococcus thermophillus and several species of Lactobacillus and Bifidobacteria) has anti-oxidative and anti-inflammatory effects, accompanied with the alteration of the lipid peroxidation and lipid metabolism. L. sakei OK67 improves high-fat diet (HFD)-induced obesity in mice and hyperglycemia by reducing inflammation through suppression the HFD-induced TNF-α and IL-1β expression and nuclear factor-κB activation in the colon as well as inhibiting the nuclear factor-κB activation in LPS-stimulated peritoneal macrophages [23] . L. casei str. Shirota also shows anti-inflammatory effects in young and old obese rats through changes in the IGFBP-3, IL-6, and IL-12 levels [28] . The pro-inflammatory IL-12, IFN-γ and TNF-α cytokine production decreases and antiinflammatory IL-10 cytokine secretion increases after administration of L. plantarum TN8 to obese rates, which correlates with improving in hepatic and urinary functions of these rats through inducing the decrease in alanine aminotransferase, gamma glutamyl transferase, plasmatic triglycerides, total cholesterol concentrations, creatinine, urea, and body [29] .
Our data confirm multiple mechanisms of therapeutical effects of probiotic strains L. casei IMV B-7280, B. animalis VKL and B.animalis VKB and the B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 composition in rats with MSG-induced obesity. The probiotic composition was more effective than probiotic strains separately. We can explain this by the fact that all markers of obesity that we studied, including pro-and anti-inflammatory cytokine production, effectively improved only after using the probiotic composition in order to treat rats with obesity. These data suggest the feasibility of developing recommendations for inclusion of B. animalis VKL -B. animalis VKB -L. casei IMV B-7280 probiotic composition in the complex scheme for treating obesity. The ability to alter pro-and anti-inflammatory cytokines production opens new perspectives for the development of probiotic-based treatment for obesity and metabolic syndrome. The immunobiotics in the long term can also be used for the treatment of type II diabetes, cardiovascular diseases, musculoskeletal disorders, liver fibrosis, neurodegenerative diseases, atherosclerosis, and cancer. Отримані нами результати свідчать про те, що ці пробі-отичні бактерії і пробіотична композиція здатні нормалі-зувати запалення у щурів з ожирінням, індукованим ГН, проте найсильнішу протизапальну дію мала пробіотична композиція. Здатність лактобацил і біфідобактерій вплива-ти на продукцію про-і протизапальних цитокінів відкри-ває перспективи для створення нових методів лікування ожиріння і метаболічного синдрому на основі пробіотиків. Ключові слова: ожиріння; глутамат натрію; Lactobacilli; Bifidobacteria; цитокіни; щури. не отличался от такового у крыс с ожирением, которые не получали пробиотические бактерии, но не было статисти-чески достоверной разницы по срав нению с интактными животными. Уровень ИЛ-12Bp40 уменьшался под влия-нием композиции В. animalis VKL -В. animalis VКВ -L. сasei ИМВ В-7280 (18,9 %; Р < 0,05) или B. animalis VKL (10,5 %; Р < 0,05) по сравнению с крысами с ожирением, не получавшими пробиотические бактерии, но оставался выше, чем у интактных животных. После введения крыса-ми с ожирением композиции В. animalis VKL -В. animalis VКВ -L. сasei ИМВ В-7280 или B. animalis VKL содер-жание ИЛ-4, ИЛ-10 и ФРО-β повышалося по сравнению с крысами с ожирением, не получавших пробиотические бактерии. Уровень ИЛ-10 повышался также под влиянием B. animalis VKB, а ИЛ-4 -под влиянием L. casei ИMВ B-7280. Полученные нами результаты свидетельствуют о том, что эти пробиотические бактерии и пробиотическая композиция способны нормализировать воспаления у крыс с ожирением, индуцированным ГН, однако более сильное противовоспалительное действие имела про-биотическая композиция. Способность лактобацилл и бифидобактерий влиять на продукцию про-и противо-воспалительных цитокинов открывает перспективы для создания новых методов лечения ожирения и метаболи-ческого синдрома на основе пробиотиков. 
